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(54) Method and circuit for detecting cardiac rhythm abnormalities by analyzing time differences
between unipolar signals from a lead with a multi-electrode tip

(57) A circuit and method for detecting cardiac
rhythm abnormalities employ unipolar signals respec-
tively obtained from a cardiac lead having a tip at which
a number of separate electrodes are disposed, the elec-
trodes being simultaneously in contact with cardiac tis-
sue. The respective unipolar signals which are obtained
from the multiple electrodes exhibit a time relationship

relative to each other, and this time relationship is ana-
lyzed to determine whether a cardiac rhythm abnormal-
ity is present or one or more of the unipolar signals is
compared to a template which is known to represent a
cardiac abnormality. Analysis of the time relation is un-
dertaken by determining the absolute value of a time off-
set between any two of the unipolar signals, or by cor-
relating any two of the unipolar signals.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention is directed to a cardiac
lead suitable for use in pacemakers, cardioverters, de-
fibrillators, and the like, as well as to a method and circuit
for using such a lead to detect cardiac rhythm abnor-
malities, such as fibrillation and tachycardia.

Description of the Prior Art

[0002] A cardiaclead typically has a proximal end with
a connector adapted for electrical and mechanical con-
nection to a cardiac-assist device, such as a pacemaker,
cardioverter or defibrillator, and an opposite distal end,
at which one or more electrodes is/are located. Between
the distal end and the proximal end, the lead has a flex-
ible insulating sheath or jacket, containing one or more
conductors, depending on the number of electrodes.
[0003] The electrodes are exposed conductive sur-
faces at the distal end of the lead. Conventional elec-
trode configurations include a unipolar configuration
and a bipolar configuration. In a unipolar configuration,
there is only one electrode at the distal end, typically a
hemisphere covering the distal tip. Typically the hous-
ing, or a portion thereof, of the cardiac assist device is
used as the indifferent or return electrode. A bipolar lead
has two electrode surfaces, separated from each other
by a slight spacing. Typically one of these electrodes is
formed as a hemispherical electrode at the distal tip of
the lead, and the other is a ring electrode, which annu-
larly surrounds the sheath, located a short distance be-
hind the tip electrode.

[0004] In most modern cardiac assist devices, the
electrode lead is not only used to deliver an appropriate
cardiac assist regimen in the form of electrical pulses,
but also is used to detect cardiac activity. The detection
of cardiac activity can serve many purposes, such as for
use in determining whether adjustments to the cardiac
assist regimen are necessary, as well as for identifying
cardiac rhythm abnormalities which may require imme-
diate preventative action, such as the occurrence of
tachycardia or fibrillation. Particularly in the case of a
cardioverter or a defibrillator, which is normally passive
unless and until tachycardia or fibrillation is detected, it
is important not only to reliably detect tachycardia or fi-
brillation when they occur, but also it is important not to
misidentify a non-emergency cardiac rhythm abnormal-
ity as tachycardia or fibrillation, since administering the
emergency regimen to a healthy heart can possibly cre-
ate an emergency situation where none exists. Moreo-
ver, at least in the case of a defibrillator, unnecessary
triggering of the extremely strong defibrillation energy
will cause considerable discomfort to the patient.
[0005] An electrode lead for a cardiac pacemaker is
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disclosed in United States Patent No. 5,306,292 which
has a distal tip with a number of closely spaced elec-
trodes thereon, with the remainder of the hemispherical
surface of the distal tip of the electrode being non-con-
ducting. Circuitry in the pacemaker housing, connected
to the respective electrodes via the electrode lead cable,
allows the total conductive area and geometry of the dis-
tal tip of the electrode lead to be selectively varied, by
activating the electrodes in different combinations. For
example, the combination of electrodes (i.e. conductive
surfaces) at the electrode tip which provides the lowest
stimulation threshold can be determined by an autocap-
ture unit, so that energy consumption can be reduced.
[0006] Many algorithms are known for analyzing the
detected signal wave forms obtained with unipolar and
bipolar leads. A prerequisite to the proper functioning of
most of these algorithms is that the signal which enters
into the algorithm be relatively noise-free. The detected
signal, in its raw form, can be corrupted by noise pro-
duced by electromagnetic interference in the patient's
environment, as well as by muscle activity. Such noise
may mimic a fibrillation pattern, for example, particularly
in the case of a unipolar lead, but also to a certain extent
with a bipolar lead.

[0007] Conventional noise-removing techniques in-
volve filtering and other types of signal editing proce-
dures.

[0008] After making the incoming signal reasonably
noise-free, conventional detection algorithms analyze
the signal by undertaking one or more threshold com-
parisons and/or by analyzing the rate of occurrence of
a particular characteristic of the signal (i.e., maxima,
minima, zero crossings, etc.) over a given period of time.
Comparison of the signal waveform to stored signal tem-
plates, respectively representing previously-obtained
abnormal signals, is also a known technique. In this
manner, a determination is made as to whether the in-
coming signal represents normal sinus rhythm, a PVC,
tachycardia, atrial fibrillation, ventricular fibrillation, etc.

SUMMARY OF THE INVENTION

[0009] It is an object of the present invention to pro-
vide a method and a circuit for analyzing signals ob-
tained with a cardiac lead having a multi-electrode tip
for the purpose of detecting cardiac abnormalities so
that remedial action can be taken.

[0010] The above object is achieved in accordance
with the principles of the present invention in a first em-
bodiment of a method and circuit for analyzing unipolar
signals obtained from respective dot-like electrodes dis-
posed at the distal tip of a cardiac lead, which are simul-
taneously in contact with cardiac tissue, wherein time-
related differences between two or more of the unipolar
signals are analyzed, and the result of this analysis is
used to detect whether a cardiac rhythm abnormality ex-
ists. These time-related differences exhibited by the un-
ipolar signals from the dot-like electrodes arise because
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even though the electrodes are very close together, the
speed of the depolarization of the cardiac tissue is not
negligible compared to this distance. However, for a
specific patient and a specific location of the multi-dot
lead, the same time differences between unipolar sig-
nals will occur for each heartbeat during normal sinus
rhythm. During tachycardia or fibrillation, the speed and
direction of the propagating depolarization will be differ-
ent giving rise to another time difference pattern.
[0011] The respective unipolar signals from the dot-
like electrodes each exhibit a morphology thatis virtually
identical from electrode-to-electrode. The fact that the
morphologies of the respective unipolar signals are vir-
tually identical is exploited to identify a time shift or time
offset of one unipolar signal relative to the other. In one
embodiment, this time offset is used to create a delayed
difference signal which will be zero or close to zero, dur-
ing normal sinus rhythm, but exhibit a higher amplitude
during tachycardia or fibrillation due to a different depo-
larization speed and direction. If and when the amplitude
of the delayed difference signal, filtered or not, exceeds
a threshold level, a cardiac rhythm abnormality is indi-
cated. In another version of the first embodiment of the
inventive method and circuit, two or more of the unipolar
signals are correlated with each other. Again since the
morphologies of two signals is more or less identical ex-
cept for the shift in time, the time delay between signals
can easily be determined using e.g. correlation. When
this time difference, as determined by this analysis, de-
viates too much from what is considered normal it is tak-
en as an indication of an existing cardiac rhythm abnor-
mality.

[0012] Fora given patient, values for the absolute val-
ue of the time shift can be identified and stored which
are respectively indicative of tachycardia and fibrillation,
so that the two can be distinguished from each other by
analysis of the time offset, and thus an appropriate sig-
nal can be emitted to initiate different types of appropri-
ate remedial action. Similarly, different values for the
correlation result can be obtained and stored, respec-
tively indicative of tachycardia and fibrillation.

[0013] In a third version of the first embodiment, the
sequence of arrival of the unipolar signals at the respec-
tive dot-like electrodes is forming a pattern, and the ex-
istence and/or type of cardiac rhythm abnormality is
identified dependent on this pattern.

[0014] Inasecond embodiment of the inventive meth-
od and circuit, the unipolar signals are surveyed, via a
telemetry link, by a physician operating an external pro-
gramming device, and the physician selects a heartbeat
which the physician believes best represents a particu-
lar type of cardiac activity, including different types of
cardiac abnormalities. The pattern of the sequence of
the selected unipolar signal detections is stored as a
template, and subsequently obtained unipolar signal de-
tections, as occur during daily activity of the patient, are
compared to the stored template, such as by undertak-
ing a pattern recognition. Dependent on the similarity of
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the subsequent unipolar signals to the stored template,
the presence of a cardiac rhythm abnormality is detect-
ed.

[0015] The dot-like electrodes of the cardiac lead are
individually formed of conductive material, and are sep-
arated at the surface of the distal tip of the lead by elec-
trically insulating material. The arrangement of the elec-
trode dots can include a centrally disposed electrode
dot, with a number of further of electrode dots annularly
arranged around the centrally disposed dot. The annu-
larly arranged electrode dots can be located at radially
symmetrical positions relative to the centrally disposed
dot.

[0016] The multiple dots produce respective signals
which have features that are slightly offset in time from
dot-to-dot so that analysis of these signals can proceed
by monitoring the respective offsets. The offsets are rep-
resented by relatively easily recognizable wave form
features, such as maxima, minima or maximum slew
rate.

[0017] Each electrode dot preferably has a diameter
of 0.5mm, with the edge-to-edge distances among all of
the respective dots being approximately equal. A heart
cell is about 0.02mm wide and approximately 0.1mm
long. This means that one electrode dot will cover a
large number of heart cells. When a propagating wave-
front passes the multiple dots, the coupled heart cells
are activated in sequence. This means that the signals
registered by each dot electrode in a unipolar fashion
will "see" similar pulse shapes (wave forms), but with
small time offsets from dot-to-dot. During normal wave
propagation, the heart cell excitations follow a relatively
synchronized and coordinated pattern. Such a pattern,
however, is not present during fibrillation. Even for the
small area in contact with the distal tip of the lead, there
will be disorganized electrical activity registered by the
respective dots. By obtaining individual signals for each
electrode dot, and then analyzing these signals as a
group, conclusions can be made as to whether normal
sinus activity is present, or some type of cardiac abnor-
mality.

[0018] In accordance with the invention, one appro-
priate method for analyzing the signals obtained from
the respective electrode dots is to obtain unipolar sig-
nals from the respective dots with the cardiac assist
housing serving as the ground level. By comparing a dif-
ference between respective signals from two dots, a bi-
polar signal is obtained, although this will be different
from a conventional bipolar signal obtained with a tip
electrode and aring electrode configuration. Multiple dif-
ference signals are thus available for analysis, and it is
also possible to employ one of the electrode dots as a
reference, and to refer all of the difference signals to the
signal obtained from that one dot.

DESCRIPTION OF THE DRAWINGS

[0019] Figure 1 is a schematic end view of the tip of
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an electrode lead, in an embodiment heading seven
electrode dots, in accordance with the principles of the
present invention.

[0020] Figure 2 is a block diagram showing the basic
components of an implantable cardiac assist device,
constructed and operating in accordance with the prin-
ciples of the present invention.

[0021] Figure 3illustrates the unipolar signal from the
centrally disposed electrode dot in the embodiment of
Figure 1.

[0022] Figure 4 illustrates respective difference sig-
nals between the centrally disposed electrode dot and
other electrode dots, in accordance with the invention.
[0023] Figure 5 is a block diagram of an embodiment
for the block labeled "Heart Beat Identification" in Figure
2.

[0024] Figure 6 illustrates input signals from the elec-
trode dots in the embodiment of Figure 1.

[0025] Figure 7 illustrates the output pulses for the in-
tracardial signals shown in Figure 6.

[0026] Figure 8 illustrates the detector pulse pattern
for the fourth beat in Figure 7.

[0027] Figure 9 illustrates the detector pulse pattern
for the fifth beat in Figure 7.

[0028] Figure 10is a block diagram of an embodiment
of the pattern recognition unit of Figure 5.

[0029] Figure 11 illustrates results from the pattern
recognition unit, and one input signal.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0030] An embodiment of an electrode lead for use
with the circuit and method in accordance with the prin-
ciples of the present invention is shown in Figure 1,
which is a view looking directly at the distal tip (greatly
enlarged) of the cardiac lead. As can be seen in Figure
1, the lead tip has a number of electrode dots distributed
thereon, including a centrally disposed electrode dot 1
and a number of other electrode dots arranged relative
to the centrally disposed electrode dot 1. In the embod-
iment of Figure 1, six other electrode dots 2-7 are
shown, for a total of seven electrode dots in the embod-
iment of Figure 1. In the embodiment of Figure 1, the
electrode dots 2-7 are shown as being annularly ar-
ranged around the centrally disposed electrode dot 1,
however, other locations are possible.

[0031] The axes shown in Figure 1 are in arbitrary
units and are solely for the purpose of providing a guide
as to the relative placement of the electrode dots 1-7.
Each electrode dot will have a diameter of approximate-
ly 0.5mm.

[0032] The lead tip shown in Figure 1 is at the distal
end of a flexible, implantable electrode lead (schemati-
cally shown in Figure 2), having an opposite end with a
plug adapted to be fitted into a cardiac assist device,
such as a pacemaker, cardioverter or defibrillator. The
lead will contain respective conductors for the electrode
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dots 1-7, each conductor being insulated from the others
and the entire lead being jacketed in an insulating
sheath, as is standard. The surface of the electrode tip
surrounding the respective electrode dots 1-7 is com-
posed of insulating material, so that the electrode dots
are electrically insulated from each other.

[0033] In practice, a unipolar signal is obtained from
each of the electrode dots 1-7, i.e., seven unipolar sig-
nals are obtained. These unipolar signals can be ana-
lyzed by time offsets (shifts) differences between the re-
spective unipolar signals from any two of the electrode
dots. The reasons why these time effects exist is as fol-
lows.

[0034] The depolarization of heart cells can be con-
sidered as being represented by a propagating wave-
front. If the wavefrontis assumed to be propagating from
right to left in Figure 1, with the respective unipolar sig-
nals from the electrode dots 1-7 being sampled as the
wavefront propagates, the wavefront will arrive later at
electrode dot 5, for example, than at electrode dot 1,
because the distance between the electrode dots is not
negligible relative to the propagation speed of the wave-
front and the sampling frequency. There will be no offset,
for example, between arrival at the wavefront at elec-
trode dots 3 and 7, or arrival of the wavefront at elec-
trode dots 4 and 6.

[0035] As an example, assume that the unipolar sig-
nal from electrode dot 5 is offset or shifted 1ms (or 5
samples, if the sampling frequencies is 5kHz) compared
to the unipolar signal from electrode dot 1. The respec-
tive waveforms of the unipolar signals from electrode
dots 1 and 5 are basically the same in appearance, but
as a generalized statement the unipolar signal from the
electrode dot 5 will be shifted by 5 samples relative to
the unipolar signal from the electrode dot 1. Therefore,
the time difference between a sample at a given time t
in the unipolar signal obtained from the electrode dot 5,
and a sample attime t - 5 in the unipolar signal obtained
from dot 1, will be 0. If the wavefront comes from a dif-
ferent direction, however, and the difference between
the samples at these times in the two unipolar signals
is calculated, the difference signal will not be 0.

[0036] Thus, for every combination of pairs of elec-
trode dots and direction of propagation of the wavefront,
there is a time delay associated with that combination,
corresponding to a distinct number of samples. In other
words, if it is necessary to delay (shift) one of the uni-
polar signals by this distinct number of samples before
creating a bipolar signal with another unipolar signal, a
minimum signal is obtained. The number of samples by
which it is necessary to shift one of the unipolar signals
relative to the other is determined by calculating the cor-
relation between these two unipolar signals for different
time shifts. Shifting one of the signals by the aforemen-
tioned distinct number of samples will yield the highest
correlation result. Since the calculation of the correlation
includes several multiplications, which is time consum-
ing as well as imposing processor demands, alternative-
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ly the sum of the absolute differences between the two
signals can be calculated. A shift of one signal relative
to the other by the aforementioned distinct number of
samples will generate the smallest sum of absolute dif-
ferences.

[0037] In order to use the difference signals as an
analysis tool for identifying cardiac abnormalities, it
must be identified which delay, for a given pair of dots,
occurs as a result of normal sinus rhythm, wherein the
wavefront is propagating from a specific direction most
of the time. If and when fibrillation occurs, due to the
chaotic electrical activity of the cardiac tissue, the wave-
front will propagate from different directions, and the de-
parture of the delay from the delay which has been iden-
tified as representing normal sinus rhythm can be used
as an indicator of the onset of fibrillation.

[0038] In general, the procedure for analyzing the un-
ipolar signals from a pair of electrode dots is as follows.
The delay associated with a pair of electrode dots during
normal sinus rhythm is identified, such as by correlation
or another suitable technique. This delay can be denot-
ed as delay. During operation of the cardiac assist de-
vice, a delayed difference signal is continuously calcu-
lated, such as x1(t) - x2 (t - d), instead of the undelayed
difference signal x1(t) - x2(t), wherein x1 and x2 repre-
sent the respective unipolar signals from two electrode
dots in the pair under consideration. If the delayed dif-
ference signal, with appropriate filtering, if necessary, is
larger than a threshold value, an episode of non-sinus
rhythm is assumed to exist. The threshold value can be
a predetermined value or can be adapted as data are
accumulated.

[0039] As noted above, what is really being detected
using the electrode lead shown in Figure 1 is whether
the propagating wavefrontis arriving from a direction dif-
ferent from that which occurs during normal sinus
rhythm. This change in direction, in addition to arising
from an episode of fibrillation, could arise due to a pre-
mature ventricular contraction (PVC), or due to slight
dislodgement of the lead. As explained below, by appro-
priate filtering and/or decision algorithms, the false de-
tection of a PVC as ventricular fibrillation can be elimi-
nated. The probability of lead dislodgement becomes
negligible after a period of time following implantation.
[0040] It is recommended to periodically reinitialize
the delay factor, i.e. to re-identify the delay associated
with normal sinus rhythm at predetermined intervals, or
when the delayed difference signal has slowly changed
by more than a predetermined percentage.

[0041] The basic components of an implantable car-
diac assist device in accordance with the invention are
shown in Figure 2. The implantable cardiac assist de-
vice can be a pacemaker, a cardioverter or a defibrillator,
for example.

[0042] The implantable cardiac assist device has an
input stage including amplifiers and filters, to which re-
spective conductors, together forming a cardiac lead,
from the electrode dots 1-7 are supplied. The unipolar
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signals from the electrode dots 1-7 are supplied to a
heart beat identification stage as well as to main circuitry
in the cardiac assist device. The functioning of the heart-
beat identification stage will be described below, in sev-
eral embodiments. The main circuitry is whatever type
of circuitry is appropriate for the cardiac assist device,
and can include pacing logic if the device is a pacemak-
er, or defibrillation circuitry if the device is a defibrillator.
The appropriate cardiac assist therapy is generated in
a known manner by the main circuitry and is delivered
to the patient either through the aforementioned elec-
trode lead or another appropriately designed electrode
lead. The main circuitry, therefore, is conventional, ex-
cept that it responds to a heartbeat identification signal
produced in accordance with the invention.

[0043] The main circuitry is also in communication
with a telemetry unit, which wirelessly communicates
with an external programmer in a known manner for
reading out patient data and for making changes in the
operating parameters of the implantable cardiac assist
device, as needed.

[0044] Based on the unipolar signals from dots 1, 2,
3 and 4, the time difference between dots 1 and 2, dots
1 and 3 and dots 1 and 4 as a function of time is calcu-
lated using correlation. A portion of a predetermined
length, i.e., the window length, of the signals from dot 1
and dot 2 is selected. The window length may be one
second, for example. The correlation between the two
signal portions of the respective unipolar signals is then
calculated and stored. The signal from dot 2 is then shift-
ed by one sample compared to the signal from dot 1,
and the correlation is again calculated and stored. The
window is then shifted two samples from the original po-
sition, and a new correlation is calculated and stored.
This process is repeated for a predetermined number of
shifts of the window, both positive and negative. The
shift producing the highest correlation is the delay be-
tween the two dots in question. As described above, al-
ternatively the sum of squares of the signal differences
can be used, in order to avoid the time and complica-
tions associated with correlation calculations. In this al-
ternative embodiment, a minimum should be sought.
[0045] As time progresses, the process is repeated,
so that a plot of the time difference compared to the cent-
er dot arises as a function of time. This is shown in Fig-
ure 4. The same algorithm as described above was used
for determining the time difference between dots 1 and
3 and dots 1 and 4.

[0046] As can be seen in Figure 4, the time delay or
time difference is constant during normal sinus rhythm
and varies during fibrillation. A varying time difference
between a pair of dots is thus a major indication of fibril-
lation. The time difference signal, after filtering, differen-
tiation or some other manipulation, can be employed in
combination with a threshold level to detect fibrillation.
[0047] An embodiment of the heartbeat identification
stage of Figure 2 is shown in Figure 5. In this embodi-
ment, signals obtained from the electrode dot lead are
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supplied to a QRS detector. These signals are supplied
from the QRS detector to a pattern recognition unit as
well as to a template collector. The template collector,
through the main circuitry and the telemetry link, is in
communication with the external programmer. Signals
from the electrode dot lead continuously arrive via the
QRS detector at the template collector and are fed into
a shift register. Via the telemetry link, a physician who
is monitoring the heart activity can freeze the contents
of the shift register when a representative beat of the
type which is intended to be stored as a template is
present. Otherwise, the signals proceed through the
shift register and are not stored or prevented from en-
tering said shift register. When the physician recognizes
a signal displayed at the programmer of the type which
the physician wishes to store, the physician operates the
programmer to cause that signal to be stored in the tem-
plate memory.

[0048] As an example, input signals from the elec-
trode dots 1-7 obtained during the occurrence of a PVC
are shown in Figure 6. The PVC occurs in the middle of
Figure 6. Figure 7 shows the detector pulses from the
output of the QRS detector for the signals shown in Fig-
ure 6. There are no distinguishable patterns which are
visually apparent from Figure 7, but if pulses from the
signals from the electrode dots 1-7 are obtained and an-
alyzed as described above, reliable detection can be
made as shown in Figures 8 and 9. The detector pulse
pattern for the fourth beat in the signals shown in Figure
6 is shown in Figure 8. The pulse pattern for the next
beat (the fifth beat), which is a normal beat, is shown in
Figure 9. When analyzed in this manner, the difference
is readily apparent.

[0049] Details of an embodiment for the pattern rec-
ognition block of Figure 5 are shown in Figure 10. The
input signals IN1 - IN7 are the pulses of the type shown
in Figures 8 and 9. These pulses are respectively sup-
plied to shift register 1 - shift register 7 and the outputs
of these shift registers are supplied to a reshaping unit.
The pattern recognition unit is also supplied with two fur-
ther inputs IN8 and IN9, which respectively represent
the QRS template and the PVC template, stored in the
template memory. The clock signal (not shown) for op-
erating these shift registers is the same as was used to
generate the stored templates, i.e., the clock signal that
was used to feed the signals from the QRS detector to
the template collector. This is necessary so that a direct
correspondence will exist between the now-detected
signals and the stored templates.

[0050] The output of the reshaping unit is supplied to
each of two dot product forming stages ("dot product"
meaning the vector dot product). These dot product
forming stages are respectively are supplied with the
QRS and PVC templates. By forming the respective dot
product of these templates, in vector form, with the vec-
tor formed by the inputs IN1 - IN7 in the reshaping unit,
an indication of whether normal QRS activity is present
or whether a PVC is present is obtained.
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[0051] Instead of using a dot product, other possible
techniques are convolution and cross-correlation.
[0052] Figure 11 shows representative signals in the
circuit shown in Figure 10. The top signal is one of the
input signals to the QRS detector, the middle signal is
the output of the QRS level detector, and the bottom sig-
nal is the output of the PVC level detector.

[0053] Although modifications and changes may be
suggested by those skilled in the art, it is the intention
of the inventors to embody within the patent warranted
hereon all changes and modifications as reasonably
and properly come within the scope of their contribution
to the art.

Claims

1. A method for detecting cardiac rhythm abnormality,
comprising the steps of:

providing a plurality of electrodes at a tip of a
cardiac lead, which are electrically separated
from each other;

placing said tip of said cardiac lead in contact
with cardiac tissue so that all of said electrodes
are simultaneously in substantially fixed con-
tact with said cardiac tissue;

obtaining individual unipolar electrical signals
from said cardiac tissue respectively via said
electrodes, said unipolar signals exhibiting a
time relationship relative to each other; and
analyzing said time relationship to obtain an
analysis result and generating a signal indicat-
ing a cardiac rhythm abnormality dependent on
said analysis result.

2. A method as claimed in claim 1 wherein the step of
analyzing said time relationship comprises deter-
mining whether one of said unipolar signals was ob-
tained with a time offset relative to another of said
unipolar signals and, if so, generating said signal
indicating a cardiac rhythm abnormality dependent
on said time offset.

3. A method as claimed in claim 2 comprising gener-
ating said signal indicating a cardiac rhythm abnor-
mality dependent on an absolute value of said time
offset.

4. A method as claimed in claim 1 wherein the step of
analyzing said time relationship comprises correlat-
ing one of said unipolar signals with another of said
unipolar signals to obtain a correlation result, and
generating said signal indicating a cardiac rhythm
abnormality dependent on said correlation result.

5. A method as claimed in claim 4 wherein the step of
correlating said one of said unipolar signals with an-
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other of said unipolar signals comprises the steps
of:

defining a time window;

sampling said one of said unipolar signals and
said another of said unipolar signals;
correlating samples in said time window of said
one of said unipolar signals with samples in
said time window of said another of said unipo-
lar signals to obtain a first correlation result;
successively shifting said time window by one
sample and, after each shift, again correlating
the samples of said one of said unipolar signals
in said time window with the samples of said
another of said unipolar signals in said time win-
dow, to obtain a plurality of successive correla-
tion results;

identifying a time offset between said one of
said unipolar signals and said another of said
unipolar signals by a number of samples asso-
ciated with a shift of said time window which
produced a highest correlation result among
said first and successive correlation results;
and

generating said signal indicating a cardiac
rhythm abnormality dependent on said time off-
set.

A method as claimed in claim 1 wherein the step of
analyzing said time relationship comprises identify-
ing a sequence of occurrence of said individual un-
ipolar electrical signals relative to each other, and
generating said signal indicating a cardiac abnor-
mality dependent on said sequence.

A method as claimed in claim 1 wherein the step of
analyzing said time relationship comprises compar-
ing respective times of occurrence of a selected
characteristic of said individual unipolar electrical
signals, selected from the group consisting of max-
imum slew rate and maximum negative derivative.

A method as claimed in claim 7 comprising defining
a time window and comparing said times of occur-
rence in said time window, and comparing said
times of occurrence to obtain said time relationship.

A method as claimed in claim 1 wherein the step of
analyzing said time relationship comprises analyz-
ing respective times at which the respective unipo-
lar signals exceed a threshold value.

A method as claimed in claim 1 comprising the ad-
ditional step of comparing at least one of said uni-
polar electrical signals to a threshold and generat-
ing said signal indicating a cardiac abnormality de-
pendent on said analysis result and a relationship
of said at least one of said unipolar signals to said
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A method as claimed in claim 1 comprising forming
individual electrodes in said plurality of electrodes
as respective dot-like electrodes.

A method as claimed in claim 1 comprising arrang-
ing said plurality of electrodes at said one end of
said cardiac lead with respective spacings between
the electrodes which are substantially equal.

A method as claimed in claim 1 comprising dispos-
ing one of said electrodes at a center of said one
end of said cardiac lead, and arranging a remainder
of said electrodes symmetrically relative to said one
of said electrodes.

A method as claimed in claim 1 comprising dispos-
ing one of said electrodes at a center of said one
end of said cardiac lead, and arranging a remainder
of said electrodes radially symmetrically relative to
said one of said electrodes.

A method for detecting cardiac rhythm abnormality,
comprising the steps of:

providing a plurality of electrodes a tip of a car-
diac lead, which are electrically separated from
each other;

placing said tip of said cardiac lead in contact
with cardiac tissue so that all of said electrodes
are simultaneously in substantially fixed con-
tact with said cardiac tissue;

obtaining detections of individual unipolar elec-
trical signals from said cardiac tissue respec-
tively via said electrodes;

selecting a heartbeat representing a cardiac
rhythm abnormality;

storing a detection pattern for the individual un-
ipolar electrical signals obtained during said
heartbeat as a template; and

subsequently obtaining further detections of in-
dividual unipolar electrical signals from said
cardiac tissue respectively via said electrodes
and comparing said subsequently obtained de-
tections of unipolar signals to said stored tem-
plate to obtain a comparison result, and gener-
ating a signal indicating a cardiac rhythm ab-
normality dependent on said comparison re-
sult.

A method as claimed in claim 15 wherein the step
of comparing said subsequently obtained detec-
tions of unipolar signals to said template comprises
conducting a pattern recognition between said sub-
sequently obtained detections of unipolar signals
and said template.
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A method as claimed in claim 15 wherein the step
of selecting a heartbeat representing a cardiac
rhythm abnormality comprises selecting a plurality
of different heartbeats respectively representing dif-
ferent cardiac rhythm abnormalities, and wherein
the step of storing a detection pattern comprises
storing a plurality of respective detection patterns
for the individual unipolar electrical signals respec-
tively obtained during said different heartbeats, as
a plurality of templates respectively for said different
cardiac rhythm abnormalities, and wherein the step
of comparing said subsequently obtained detec-
tions of unipolar signals to said stored template
comprises comparing said subsequently obtained
detections of unipolar signals to the plurality of
stored templates to obtain a comparison result in-
dicating which of said templates said subsequently
obtained detections of unipolar signals most closely
resembles, and generating a signal indicating the
respective cardiac rhythm abnormality, from among
said plurality of cardiac rhythm abnormalities, de-
pendent on said comparison result.

A method as claimed in claim 15 comprising forming
individual electrodes in said plurality of electrodes
as respective dot-like electrodes.

A method as claimed in claim 15 comprising arrang-
ing said plurality of electrodes at said one end of
said cardiac lead with respective spacings between
the electrodes which are substantially equal.

A method as claimed in claim 15 comprising dispos-
ing one of said electrodes at a center of said one
end of said cardiac lead, and arranging a remainder
of said electrodes symmetrically relative to said one
of said electrodes.

A method as claimed in claim 15 comprising dispos-
ing one of said electrodes at a center of said one
end of said cardiac lead, and arranging a remainder
of said electrodes radially symmetrically relative to
said one of said electrodes.

A cardiac rhythm abnormality detector, comprising:

a cardiac lead having a plurality of electrodes
at a tip of said cardiac lead, which are electri-
cally separated from each other, said tip of said
cardiac lead being adapted for placement in
contact with cardiac tissue so that all of said
electrodes are simultaneously in substantially
fixed contact with said cardiac tissue;

a QRS detector connected to said cardiac lead
which obtains individual unipolar electrical sig-
nals from said cardiac tissue respectively via
said electrodes, said unipolar signals exhibiting
a time relationship relative to each other; and
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an evaluation circuit which analyzes said time
relationship to obtain an analysis result and
which generates a signal indicating a cardiac
rhythm abnormality dependent on said analysis
result.

A cardiac rhythm abnormality detector as claimed
in claim 22 wherein said evaluation circuit analyzes
said time relationship to determine whether one of
said unipolar signals was obtained with a time offset
relative to another of said unipolar signals and, if
so, generates said signal indicating a cardiac
rhythm abnormality dependent on said time offset.

A cardiac rhythm abnormality detector as claimed
in claim 23 wherein said evaluation circuit gener-
ates said signal indicating a cardiac rhythm abnor-
mality dependent on an absolute value of said time
offset.

A cardiac rhythm abnormality detector as claimed
in claim 22 wherein said evaluation circuit analyzes
said time relationship by correlating one of said un-
ipolar signals with another of said unipolar signals
to obtain a correlation result, and generates said
signal indicating a cardiac rhythm abnormality de-
pendent on said correlation result.

A cardiac rhythm abnormality detector as claimed
in claim 25 wherein said evaluation circuit corre-
lates said one of said unipolar signals with another
of said unipolar signals by defining a time window,
sampling said one of said unipolar signals and said
another of said unipolar signals, correlating sam-
ples in said time window of said one of said unipolar
signals with samples in said time window of said an-
other of said unipolar signals to obtain a first corre-
lation result, successively shifting said time window
by one sample and, after each shift, again correlat-
ing the samples of said one of said unipolar signals
in said time window with the samples of said anoth-
er of said unipolar signals in said time window, to
obtain a plurality of successive correlation results,
identifying a time offset between said one of said
unipolar signals and said another of said unipolar
signals by a number of samples associated with a
shift of said time window which produced a highest
correlation result among said first and successive
correlation results, and wherein said evaluation cir-
cuit generates said signal indicating a cardiac
rhythm abnormality dependent on said time offset.

A cardiac rhythm abnormality detector as claimed
in claim 22 wherein said evaluation circuit analyzes
said time relationship by identifying a sequence of
occurrence of said individual unipolar electrical sig-
nals relative to each other, and generates said sig-
nal indicating a cardiac abnormality dependent on
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said sequence.

A cardiac rhythm abnormality detector as claimed
in claim 22 wherein said plurality of electrodes are
respective dot-like electrodes.

A cardiac rhythm abnormality detector as claimed
in claim 22 wherein said plurality of electrodes at
said tip of said cardiac lead are disposed with re-
spective spacings between the electrodes which
are substantially equal.

A cardiac rhythm abnormality detector as claimed
in claim 22 wherein one of said electrodes is dis-
posed at a center of said tip of said cardiac lead,
with a remainder of said electrodes disposed sym-
metrically relative to said one of said electrodes.

A cardiac rhythm abnormality detector as claimed
in claim 23 wherein said remainder of said elec-
trodes are disposed radially symmetrically relative
to said one of said electrodes.

A cardiac rhythm abnormality detector, comprising:

a cardiac lead having a plurality of electrodes
at a tip of said cardiac lead, which are electri-
cally separated from each other, said tip of said
cardiac lead being adapted for placement con-
tact with cardiac tissue so that all of said elec-
trodes are simultaneously in substantially fixed
contact with said cardiac tissue;

a QRS detector connected to said cardiac lead
which obtains individual unipolar electrical sig-
nals from said cardiac tissue respectively via
said electrodes;

an extracorporeal programming device which
allows selection of a heartbeat representing a
cardiac rhythm abnormality by taking detec-
tions from the individual unipolar signals into
account;

a template memory in which the detection pat-
tern obtained at said cardiac rhythm abnormally
is stored as a template;

said QRS detector subsequently obtaining fur-
ther individual unipolar electrical signals from
said cardiac tissue respectively via said elec-
trodes; and

an evaluation circuit which compares said sub-
sequently obtained unipolar signals to said
stored template to obtain a comparison result,
and generates a signal indicating a cardiac
rhythm abnormality dependent on said compar-
ison result.

A cardiac rhythm abnormality detector as claimed
in claim 32 wherein said evaluation circuit com-
pares said subsequently obtained unipolar signals
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to said template comprises conducting a pattern
recognition between said subsequently obtained
unipolar signals and said template.

A cardiac rhythm abnormality detector as claimed
in claim 32 wherein said extracorporeal program-
ming device allows selection of a plurality of differ-
ent heartbeats respectively representing different
cardiac rhythm abnormalities by taking detections
from the individual unipolar signals into account,
and wherein said template memory stores a plural-
ity of detection patterns respectively obtained at
said different cardiac rhythm abnormalities, and
wherein said evaluation circuit compares said sub-
sequently obtained unipolar signals to said plurality
of stored templates to obtain a comparison result
indicating which of said stored templates said sub-
sequently obtained unipolar signals most closely re-
semble, and wherein said evaluation circuit gener-
ates a signal indicating a type of cardiac rhythm ab-
normality, from among said plurality of cardiac
rhythm abnormalities, dependent on said compari-
son result.

A cardiac rhythm abnormality detector as claimed
in claim 32 comprising forming individual electrodes
in said plurality of electrodes as respective dot-like
electrodes.

A cardiac rhythm abnormality detector as claimed
in claim 32 comprising arranging said plurality of
electrodes at said one end of said cardiac lead with
respective spacings between the electrodes which
are substantially equal.

A cardiac rhythm abnormality detector as claimed
in claim 32 comprising disposing one of said elec-
trodes at a center of said one end of said cardiac
lead, and arranging a remainder of said electrodes
symmetrically relative to said one of said elec-
trodes.

A cardiac rhythm abnormality detector as claimed
in claim 32 comprising disposing one of said elec-
trodes at a center of said one end of said cardiac
lead, and arranging a remainder of said electrodes
radially symmetrically relative to said one of said
electrodes.

An implantable cardiac assist device comprising:

a cardiac lead having a plurality of electrodes
at a tip of said cardiac lead, which are electri-
cally separated from each other, said tip of said
cardiac lead being adapted for placement in
contact with cardiac tissue so that all of said
electrodes are simultaneously in substantially
fixed contact with said cardiac tissue;
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an electrical stimulation generator connected to
said cardiac lead for delivering electrical stim-
ulation to said cardiac tissue via said plurality
of electrodes;

a control unit connected to said electrical stim-
ulation generator;

a QRS detector which obtains individual unipo-
lar electrical signals from said cardiac tissue re-
spectively via said electrodes, said unipolar
signals exhibiting a time relationship relative to
each other; and

an evaluation circuit which analyzes said time
relationship to obtain an analysis result and
generates a signal indicating a cardiac rhythm
abnormality dependent on said analysis result
to said control unit for triggering delivery of said
electrical stimulation by said electrical stimula-
tion generator.

An implantable cardiac assist device as claimed in
claim 39 wherein said evaluation circuit analyzes
said time relationship to determine whether one of
said unipolar signals was obtained with a time offset
relative to another of said unipolar signals and, if
so, generates said signal indicating a cardiac
rhythm abnormality dependent on said time offset.

An implantable cardiac assist device as claimed in
claim 40 wherein said evaluation circuit generates
said signal indicating a cardiac rhythm abnormality
dependent on an absolute value of said time offset.

An implantable cardiac assist device as claimed in
claim 39 wherein said evaluation circuit analyzes
said time relationship by correlating one of said un-
ipolar signals with another of said unipolar signals
to obtain a correlation result, and generates said
signal indicating a cardiac rhythm abnormality de-
pendent on said correlation result.

An implantable cardiac assist device as claimed in
claim 42 wherein said evaluation circuit correlates
said one of said unipolar signals with another of said
unipolar signals by defining a time window, sam-
pling said one of said unipolar signals and said an-
other of said unipolar signals, correlating samples
in said time window of said one of said unipolar sig-
nals with samples in said time window of said an-
other of said unipolar signals to obtain a first corre-
lation result, successively shifting said time window
by one sample and, after each shift, again correlat-
ing the samples of said one of said unipolar signals
in said time window with the samples of said anoth-
er of said unipolar signals in said time window, to
obtain a plurality of successive correlation results,
identifying a time offset between said one of said
unipolar signals and said another of said unipolar
signals by a number of samples associated with a
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shift of said time window which produced a highest
correlation result among said first and successive
correlation results, and wherein said evaluation cir-
cuit generates said signal indicating a cardiac
rhythm abnormality dependent on said time offset.

An implantable cardiac assist device as claimed in
claim 39 wherein said evaluation circuit analyzes
said time relationship by identifying a sequence of
occurrence of said individual unipolar electrical sig-
nals relative to each other, and generates said sig-
nal indicating a cardiac abnormality dependent on
said sequence.

An implantable cardiac assist device as claimed in
claim 39 wherein said plurality of electrodes are re-
spective dot-like electrodes.

An implantable cardiac assist device as claimed in
claim 39 wherein said plurality of electrodes at said
tip of said cardiac lead are disposed with respective
spacings between the electrodes which are sub-
stantially equal.

An implantable cardiac assist device as claimed in
claim 39 wherein one of said electrodes is disposed
at a center of said tip of said cardiac lead, with a
remainder of said electrodes disposed symmetri-
cally relative to said one of said electrodes.

An implantable cardiac assist device as claimed in
claim 39 wherein said remainder of said electrodes
are disposed radially symmetrically relative to said
one of said electrodes.

An implantable cardiac assist device comprising:

a cardiac lead having a plurality of electrodes
at a tip of said cardiac lead, which are electri-
cally separated from each other, said tip of said
cardiac lead being adapted for placement in
contact with cardiac tissue so that all of said
electrodes are simultaneously in substantially
fixed contact with said cardiac tissue;

an electrical stimulation generator connected to
said cardiac lead for delivering electrical stim-
ulation to said cardiac tissue via said plurality
of electrodes;

a control unit connected to said electrical stim-
ulation generator;

a QRS detector which obtains individual unipo-
lar electrical signals from said cardiac tissue re-
spectively via said electrodes, said unipolar
signals exhibiting a time relationship relative to
each other; and

an extracorporeal programmer which allows
selection of a heartbeat representing a cardiac
rhythm abnormality by taking detections from
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the individual unipolar signals into account;

a template memory in which the detection pat-
tern obtained at said cardiac rhythm abnormal-
ity is stored as a template;

said QRS detector subsequently obtaining fur-
ther individual unipolar electrical signals from
said cardiac tissue respectively via said elec-
trodes; and

an evaluation circuit which compares said sub-
sequently obtained unipolar signals to said
stored template to obtain a comparison result,
and which generates a signal indicating a car-
diac rhythm abnormality dependent on said
comparison result to said control unit for trig-
gering delivery of said electrical stimulation by
said electrical stimulation generator.

An implantable cardiac assist device as claimed in
claim 49 wherein said evaluation circuit compares
said subsequently obtained unipolar signals to said
template comprises conducting a pattern recogni-
tion between at least one of said subsequently ob-
tained unipolar signals and said template.

An implantable cardiac assist device as claimed in
claim 49 wherein said extracorporeal programming
device allows selection of a plurality of different
heartbeats respectively representing different car-
diac rhythm abnormalities by taking detections from
the individual unipolar signals into account, and
wherein said template memory stores a plurality of
detection patterns respectively obtained at said dif-
ferent cardiac rhythm abnormalities, and wherein
said evaluation circuit compares said subsequently
obtained unipolar signals to said plurality of stored
templates to obtain a comparison result indicating
which of said stored templates said subsequently
obtained unipolar signals most closely resemble,
and wherein said evaluation circuit generates a sig-
nal indicating a type of cardiac rhythm abnormality,
from among said plurality of cardiac rhythm abnor-
malities, dependent on said comparison result.

An implantable cardiac assist device as claimed in
claim 49 comprising forming individual electrodes
in said plurality of electrodes as respective dot-like
electrodes.

An implantable cardiac assist device as claimed in
claim 49 comprising arranging said plurality of elec-
trodes at said one end of said cardiac lead with re-
spective spacings between the electrodes which
are substantially equal.

An implantable cardiac assist device as claimed in
claim 49 comprising disposing one of said elec-
trodes at a center of said one end of said cardiac
lead, and arranging a remainder of said electrodes
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symmetrically relative to said one of said elec-
trodes.

An implantable cardiac assist device as claimed in
claim 49 comprising disposing one of said elec-
trodes at a center of said one end of said cardiac
lead, and arranging a remainder of said electrodes
radially symmetrically relative to said one of said
electrodes.



EP 1 314 450 A2

FIG. ]
0.8
N @\@
0.4
ELECTRODE
0.2 DOTS
’ @\ @ @
0.2 ELECTRODE
DOTS
0.4
06
CARDIAC
08+ LEAD
-1 L I |
-1 0.5 0 ' 0.5 1
IMPLANTABLE
FIG. 2 CARDIAC ASSIST PROGRAMMER
LI, < / DEVICE NN
(
™™
PuLSE | TELEI\‘(IETRY
CARDIAC GEN. 7 ,
LEAD —
/? ( MAIN CIRCUITRY
8 | _ \ \
S AMPLIFIERS Y
& & |, | | HEARTBEAT
O~ FILTERS IDENTIFICATION
Y

12



THE UNIPOLAR SIGNAL FROM DOT 1

EP 1 314 450 A2

FIG.

0.8 -

0.6 |-

0.4 -

0.2 f
-0.2 -

AMPLITUDE
(ARBITRARY 0 [
UNITS)

04 |

06 1

-0.8 -

20 25 30 35
TIME (S)

15

10



EP 1 314 450 A2

G

0€

G

(S) AL
0C Gl oL

v DIA

T T

¥ 100 30N343441A INIL
€ 10d 30ON3434410 INIL
¢ 10d 3ON343441a INIL

¥ ANV € ‘2 S100 ANV L 1Od NIIML3g IONIYI44Id INIL IHL

G0-
0 (SIN)
AV13a

G0

Gl

G'¢

14



EP 1 314 450 A2

AAAAAAAAQ

¥0oL10313a

13aAaT

> ONd

LINN

ALLINDHID zoh_._m__m_@.m\wmm
1SISSY - 4> -
IVIAYYD ﬂ

¥010313d

73N

S DA HOLO3TIOD

LV 1dNIL

INd AHOWIN
SHO IV IdNTL
‘I}l
¥O10313a
SHO  |=——

A A

A A a A

15



i

Y
gt

1L |
CLiiliig
CLliaill

T

L ' 4=
o
- oy
. o
~ 4 2 F { o
o o o o o o o
~ ~ AN ™ 5 wn
1 1 t )




EP 1 314 450 A2

FG. 7

17




EP 1 314 450 A2

FG. 9
M

HG. &

18




EP 1 314 450 A2

ONd

SHO

125NAaoyd

10a

10Ndoyd [°

CEND

—( 8N

£ d31SI93d
14IHS

9 ¥31SI93d
1d4IHS

10d

0l ‘DIA

1INN
ONIdVHS3T

A

G H31SIO3d
14IHS

¥ 43181934
14IHS

€ "431S193d
14IHS

¢ d31S193d
14IHS

L ¥31SI1I93d
14IHS

L NI

9NI

S NI

VNI

ENI

¢ NI

L NI



EP 1 314 450 A2

[T DI

20



	bibliography
	description
	claims
	drawings

